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This report presents tlie results of a study of tlie heiiiocytes of tlie boll weevil, 
jbitJionouius grandis ]R)henian. A knowled^t^e of the heinocytes of healthy l)o]l 
weevils was considered necessary before detailed study of the effect of various 
l>atholo<^ical conditions u])on lieinocvtes could he conducted. A ittig (1962). in 
reviewing the pathology of insect blood cells, observed that diseases may affect 
heniocvtes directlv or indirectly. Knowledge of these effects may he iiseftd not 
only in studying a microl)ial disease which attacks the hemocytes, hut also as an aid 
to Idoassaving a j)optdation for ])athological conditions. Knowledge of the 
hemocytes of healthy insects is necessary for such comparisons. 

Terminology 

Classilication of hemocytes provides a means of reference for further studies 
concerning their function, changes due to normal j)hysiological processes or to 
ahiiormal conditions, and for comparison with hemocytes in other species. Classi¬ 
fication systems have classically dejiended upon moriihological characters. As 
\\ igglesworth (195^L stated, determination of function should he most imjiortant. 
X’^evertheless, recognition of hemocyte morphology is necessary belore detailed 
functional studies can he conducted. Classification on <a ])urely functional basis 
would result in much confusion, since a distinct cell ty])e often has more than one 
function. Moreover, hemocytes of dissimilar morphology from different species 
liave similar functions. ^Accordingly, classification ot boll weevil hemocytes has been 
established on the basis of mor])hol()gical similarities, following to a large extent 
the svstem used h\ lones (1%2). When a distinct hemocyte ty])e was oliserved to 
transform ui vilro, the variations in form were described: hut these were not 
considered to constitute a distinct type oi hemocytcL especially since in ii/ro changes 
niav not have been a true rejiresentation of in vivo activity. This lactor was 
further enijihasized by the conditions which created artifacts during the investigation. 

The tvpes of h(Mnoc\tes ])resent in the boll weevil correspond to i)reviously 
recognized hemoevte groti])s of other in.sects. V\T feel that this system ol nomen¬ 
clature m.'iv serve as a basis for common u.sage, by insect ])athologists at least, 
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until further data regarding origin and function warrant a change. Each insect 
species apparently has its own characteristic hcinocyte picture. Easic heinocyte 
types exist, but morphological adaptations to varying physiological recpiirenients and 
conditions occur. The reader is referred to the excellent reviews hv W’igglesworth 
(1959) and Jones (1962) for a more extensive coverage. The literature which 
served as a basis for classification is reviewed briefly in the following paragrajihs 
to indicate the reasons for usage of the terms and to relate the terms to those whicli 
have been considered synonyms. 

Proheuweytes: Prohemocytes are generally characterized by having a small 
amount of cyto]:)lasm, the nucleus comjirising the greater amount of the cell volume. 
1 hese cells develop into other types which presumalfly are then capable of perform¬ 
ing tunctions of mature hemocytes. The term “jirohemocytes” was used bv [ones 
(1950) and Arnold (1952). Jones (1959) stated that these are the same as 
Yeager’s (1945) proleucocytes. The term “prohemocyte” is proposed as the 
standard. 

Plasuiatocytcs: Hemocytes usually characterized by their pleomorphic capahilitv 
and varied functions, as well as being the most abundant in the host, have been 
termed “])lasmatocyte” by Yeager (1945). Yeager recognized a large number of 
cell types which differed mainly in their morphology. Arnold (1952) used tlie 
term in a report in which he included many of Yeager’s types under that term. 
Jones (1959) retained Yeager's classification of ])lasmatocyte but also retained 
“podocytes’’ and “vermiform cells.” Jones (personal communication) rejxwted 
that podocytes or vermiform cells had not been observed to alter their form in 
vitro. I he term “plasmatocyte” was adopted in this study to designate the hemo¬ 
cytes which were pleomorpliic, e.xhibited cytoplasmic variations, were capable of 
altering their shape i)i vitro and were obtained in corresponding shapes in fresh 
preparations of blood, were capable of phagocytosis and took part in a coagulation 
process. Until further study can determine separate, distinct cell types for these 
functions, it is proposed that this term be used to designate such hemocytes. 

^•idipohcniocytcs: Hemocytes with lijxiid or other refractive inclusions were 
termed “spheroidocytes" by Yeager (1945) and Jones (1959). Later, Jones 
(1962) preferred the term “adipohemocytes,” since “spheroidocytes” could be con¬ 
fused with a distinctly different type —“sjdierule cells.” The term “adipohemocyte” 
is proposed as tlie standard. The reader is referred to this review for further 
discussion of adi))ohemocytes. 

Spherule cells: Yeager (1945) described “eruptive cells,” which Jones (1959) 
regarded as “s])herule cells.” Jones (1962) further reviewed the usage of this 
term. These cells contain one to several large, distinct, non-refriiigent. amorphous 
inclusions which often distend the cell membrane. These inclusions are often 
exjxdled into the hemolym])h i}i vitro but are not associated with coagulation. 
They are a distinct and easily recognized type of cell. The term “s]iherule cell’’ is 
preferred because it adecjuately describes the distinctive appearance of the cell and 
does not relate to an activity which may or may not he an artifact, but which 
certainly can be affected by conditions attendant to the tcchni(jue employed to 
study the cells. 

Oenoeytoids: Yeager (1945) described oenocyte-like cells free in the hemo- 
lym])h. Arnold (1952) used the term oenoeytoids. These have a small nucleus, a 
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compact cytoplasm which is nsnally opacpica arc lij^htly hasophilic or eosinophilic 
and frecfiiently contain a small niim))er of j^rannles or cryst<als. Idle cell memhrane 
may be lii;htly creased, have elaliorate canalicnli, or he comjdexly folded ( llollande, 
1911; Jones, 1939; Veac^er, RMS). ()enocytoi<ls are distinct trom the non- 
circnlatiipe; specialized cells known as oenoextes which are enormous acido])hilic 
cells of ectodermal orii^in. usually sei^nientally arranj’ed in the abdomen, d he 
term “oeuocxdoids” is jireferred to “oenocyte-like'' cells for these reasons. 


]\ 1ATERIALS AXD ]\ 1 ET11ODS 

Larx’ae were used for the initial <lescri])tive work and an attemj)t was made 
to select those of uniform size and j)hysiolo<;ical condition to eliminate ])ossible 
variations due to j^n'owth or developmental stai^es. Later, liemocytes were examined 
from all larval stages and from adults. Larvae were utilized soon after collection 
from local cottonfields, to reduce artifacts which might have resulted from abnormal 
laboratory conditions for the insects. Larvae were placed ventral side ui) in model¬ 
ling clay and fastened securely. A sealed #30 hvjxxlermic needle was used to 
make a puncture at the midventral line, which was free of adipose tissue formation. 

Idle primary method of observation was of wet mounts with a Leitz Ortholux 
microscojie hy phase contrast, hright-field or ultraviolet illumination. A ]^[etrimi)ex 
(Budapest) 3-1) Condenser'* (Xational Instrument Laboratories, Inc., 12300 
I*arklawn Drive, Rockville, Maryland, U. S. .A.) was also used. hAxed and 
stained prei)arations were utilized for histochemical and com])arative ynirposes. 

Two methods were used for obtaining hemolymph and placing it on a coversli]). 
The direct method consisted of touching a coversli]) to the exuding hemolxinph. 
The capillary method involved collection in a capillary tube made from a Lmm. 
capillary tube finely drawn and fire-jiolished. Tbe hemolymph was expelled onto 
a coversli]), /\p])roximately 1 to 3 f»\. of hemolym])h were easilx' obtained from 
larvae. 

The coversli]) was then inverted over a slide and su]>])orted by a thin ring 
of white ])etroleum jelly so that a di^e]) laxer of hemolym])h, not com])ressed by 
the weight of the coversli]), was formed. /\ similar ])re])aration was obtained by 
use of a Leitz culture trough slide ( LH()L1)).‘ Drying of the hemol\'m])h was 
negligible and often a ])re])aration remained satisfactory for 12 to 17 hours. 

.Some ])re])arations were dilutt^d about 1 :L Dilution of hemolymiih was accom¬ 
plished ])ri()r to ])lacing tin* coversli]) over the slide. The diluting solutions were: 
water. ])1 1 7.3; 0.85^/ XaCd solution; LO'^f ]>otassium oxalate solution; distilU*d 
wat(‘r, ])l I ().] ; 0.3L trehalose solution in distilled water, linal ])l 1 5.8; ])hos])hate 
buffer, ])1 ! 9.4. I^'luorescent dyes were also added. Acridine orange, auramine 0, 
and rhodamine L weia* ])r(*])ared at 1 X 10 ^ concentration in ])hos])hatt‘ buffers of 
])11 0.4 and 7.2. The ])hos])h<ate buHVrs were ])re])ared hy mixing the ])ro])er 
amounts of 0.07 M Xa.IlLO, and Kll.d’O, solutions. Xo autonuoresc(*nce 
occurred. 

.Stained ])re])arations were m.ade by ra])idly air-drying the fresh, tmfixed hemo- 
lym])h. .Some* ])re])arations wt*ia* the*!! subjected to 40^^ formaldehyde or absolute 

> "riie use of trade or proprii-tary names does not necessarily iniiily the endorsement of 
these products hy the U. S. I)ei)artment of Aj^ricnltnre. 
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uiethanol fixation for several minutes. The stains used were Sudan IV, saturated 
iodine (Lugol’s solution), Delafield’s or Heidenhain’s iron hematoxylin, fast 
green FCF, Giemsa, and Wright’s blood stain, 

IIemocyte Description 

Prohcniocyfcs. These were disc-shaped, pale gray, and nearly homogeneous 
hy ])hase contrast. The nucleus occupied nearly the entire cell and only a thin 
hand of peripheral cytojilasm was present. Cells averaged 7.0 /x ±1.3 /x, range (Rj 
6.3-9.9 /X, number (N) = 11 (Plate I, F"ig. 1). When stained with acridine orange, 
the large nucleus and small hand of cytoplasm were very prominent. These cells 
were relatively rare and only in young first in stars were they fairly numerous. 

Wariations of this cell were observed which formed a comj)lete range of develoj)- 
mental stages. The cytoplasm increased in quantity and jirogressively became more 
optically dense to phase contrast. A small numher of granular inclusions were 
often present and large granules or vacuoles were occasionally seen in cells near 
the end of maturation. The final ])roduct was indistinguishable from disc-shaped 
plasmatocytes. 

Plasniatocytcs. Plasmatocytes were characterized mainly Iw their morj^ho- 
logical variability. The cytoplasm was finely granular, dense, and uniform: or it 
contained various larger (about 1 fx) dark granules, exhibited areas of different 
density, and displayed small vacuoles or inclusions which were either gray or 
highly refractive by phase contrast. The nucleus was usually quite large and 
finely punctate or granulated. Plasmatoc\'tes can become hyaline or highly re¬ 
fractive at their periphery. Disc-shaped ]dasmatocytes (Plate f, E'ig. 2) measured 
9.7 ±1.9 /X (R = 6.4-15.3 fx, X = 75). The same data showed nuclei to measure 

5.3 /X ±1.05 /X (R = 3.4-8.5 /x). 

A common variant form of ])lasmatocyte is shown in Plate T. Figures 5 and 6. 
These cells had a granular cytoj^lasm and sometimes contained small vacuoles, 
granular inclusions, or dark, gray, small inclusions. They were also seen with 
one or two highly refractile li]X)id globules. These were termed adi|)oid 
])lasmatocytes. 

The frequency of cells with these inclusions was higher when free li]K)id droplets 
were present in the hemolymph. Intentional disruption of adipose tissue, by 
rolling the larvae with pressure or by use of a needle to disrupt the tissue, produced 
a similar effect. The jdasmatocytes were never observed ingesting lipoid droplets. 
The natural occurrence of free lipoid droplets was observed during the ])repn])al 
stage of larval develoj)ment. 

Another form was characterized by ])Ossessi()n of one to several hyaloidasmic 
extensions (Plate T, Figs. 4 and 5 ). A4ien movement of the fluid caused the cells 
to he carried along, they would often temporarily attach to the surface by these 
extensions. This form was observed to change into a disc-like shape or to attach 
at one point and elongate into a fusiform, or spindle-shaiied. cell. This tyj)e was 
highly unstable i)i vitro. 

The fusiform cell ( Plate T, Fig. 3) was also seen ujion immediate examination 
of a preparation, hut was not as frecpient as disc-shaped cells or cells with cyto- 
])lasmic extensions. The fusiform cell could also be formed directly from a disc- 
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All inx'ijaratioiis wltc of fresh, iinh\c<l, inuliUitod hcinolyniph. 

riatc I 

Fiorki: 1. J’rolKnioc\ tc. Phase contrast. S75 X. 

P'i<;rki: 2. I)isc-shai)e(i plasniatoeyte. IMiase contrast. 1090 X. 
















HEMOCYTES AND COAGULATIOX IX A WEE\ IL 


117 


shaped plasmatocyte. A teardrop-shaix‘d cell was also formed from disc-shaped 
plasmatocytes hy elongation after attachment to the glass at the other end of the 
cell (Plate T, E'ig. 8). The cytoplasm varied from dense and imiforin hut finely 
granulated to a differentiated cytoplasmic area of slight refractivity h\ phase 
contrast and containing small vacuoles, or dark granules. Extreme elongation 
resulted in a thinner cell in which these contents were more easily observed. The 
spindle-shaped cell often had tenuous, hyaline, filiform, cytoplasmic extensions 
from either end which exhibited a searching and probing motion. This activity was 
fairly slow and not whiplike. The incidence of these cells increased as tlie 
preparation remained undisturbed on the microscope stage. 

Disc-shajied plasmatocytes were also capable of transformation into forms which 
played a major role in coagulation. They were ol)served to transform into cells 
which occasionally were flattened and expanded. The cytoj)lasm became hyaline 
at the periphery, accompanied l)y an extreme flattening of the cell. The cell 
membrane spread out quite thinly as the cytoplasm expanded onto the glass 
surface. Granules became very apparent. The edges of the expanded, hyaline 
cytoplasm ranged from scalloped to slightly ])ointed extrusions or to extremely long, 
filiform hyaline extensions, which were fre([iiently very active ( Plate I, Figs. 12 
and 13). These morphological variations occurred only after the preparation was 
several minutes old. 

Rapid proto])lasmic streaming was observed, with granules being carried along 
in the internal currents, ^fany hemocytes engaged in extension, retraction, prob¬ 
ing, and anastomosis with similar strands. This process may have originated from 
the form with several cytoplasmic extensions or the fusiform-shaped cell as well. 
Further description of this process is given under '‘Coagulation,” in the section 
following this one. 

. Idipolienwcyfcs. A very distinct hemocyte was often observed, replete with 
li])oid droj)lets to the extent that the cell membrane was distended and the cell had a 
bubbly appearance (Plate I, Figs. lOP) and 11). These were classed as adipohemo- 
cytes as defined by Jones (1962 ). They measured 10.9 /x A 1.1 fx, R = 5.6-17.4 

Figure 3. Plasmatocytes of various shapes. Phase c<Jiitrast. 700 X. 

Figure 4. Plasmatocytes with cytoplasmic extensions. Phase contrast. 875 X. 

Figure 5. Adipoid plasmatocyte with pseiulopod-likc extensions. Phase contrast. 875 X. 

Figure 6. Adipoid plasmatocyte with two lipoid inclusions. Phase contrast. 875 X. 

Figure 7. Small plasmatocyte with Sarciiia hi tea packets. Phase contrast. 1050 X. 

Figi^re 8. Disc-shaped and teardrop-shai)ed i)lasmatocvtes. 3-D condenscr-pliasc-ohjectives. 
875 X. 

Figure 9. Spherule cells. A. Xormal. P). Dead. Hyaline form with eccentric nucleus and 
“dancing" cytoplasmic particles. 3-D phase contra.st, 875 X. 

Figure 10. A. Spherule cell in ahnonnal, elongated shape. P>. Adii)ohemocytc. 3-D phase 
contrast. 875 X. 

Figure 11. Adipohemocyte. Phase contrast. 875 X. 

Figure 12. Flattening and expansion of a plasmatocyte on coverslip, showin.g grannies in 
the cHoplasm. Phase contrast. 583 X. 

Figure 13. l^lasmatocyte flattening onto coverslip and extending ])rotoplasniic arms; cell 
membrane has become very thin and barely visible. Phase contrast. 583 X. 

Figure 14. Protoplasmic arm with well developed central body. Active streaming of 
protoplasm and movement of the body occurred. Phase contrast, 700 X. 

Figure 15. Same as Figure 14, taken about 10 seconds later. Pending of arms with 
central body as a fulcrum caused clump of cells to move in the preparation. 
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X = 22. Rhodaniine B and Sudan J\^ were used to conlirin the lipoid nature of 
tliese droplets, The fre(jucucy of these cells was always low, hut increased durini:^ 
the pre])upal sta$>e and was correlated with the ])resence of free lipoids in the 
heniolyiuph, Coni|)lete transitional stages between an adipoid variant of a 
plasniatocyte with lipoid droplets and the heinocyte rejdete with lipoid dro])lets 
(adii)oheinocytes) were not observed. 

Spherule eells. These were very large and highly refractile cells, round, oval, 
or distended by lobes of gray, homogeneous inclusions which ai:)peared as dark 
clouds l)v ])hase contrast. Cells contained one to several of these inclusions, 
which distended the cell into irregular shapes (Idate I, Figs. 9A and lOA), Cells 
usually were unstable after about one hour in vitro and tended to rni)tnre. ejecting 
amor])hons material which rajddly dissi])ated. Some s])hernle cells never rni)tnred 
in vitro. After rupture, the nucleus, often previously obscured by the large in¬ 
clusion, was very |)rominent, granular, and remained in the cell (Plate I, Fig. 9P>). 
After intracellular disintegration the cell membrane was usually lined witli granular 
debris. Measurements of 55 of these cells showed the longest axis to be ld.5 n 
±9.8 (R = 11.9-34.7 jx) and the narrow axis measured 16.4 /x ±4.8 /x ( Iv = 11.9- 
29.6 /x). Twenty nuclei measured 6.0 ± 1.0 /a (R = 4.1-8.1 jx ). 

The nature of the spherules is unknown. They did not fluoresce with any of the 
fluorescent dyes. Of the other stains us(*d, only fast green P'CF and Wb'ight’s 
stain were acce])ted. The si)herules stained red with the latter stain. 

In vitro changes of spherule cells occurred in direct |)rei:)arations. Cells which 
had one or two medium-sized homogeneous gray inclusions transformed into large 
“mature" S])herule cells. The cells lost their granular a])i)earance, and the diameter 
increased as the typical gray refractile lobes a])])eared. The transformation was 
rapid or reijuired u]) to 30 minutes in some pre])arations. Cells which looked like 
plasmatoc}'tes were observed to develo]) inclusions which re.seml)led spherules 
i)} vitro. However, plasmatocytes were not observed to develo]) into typical 
spherule cells. 

Oejioeytoids. Xo cells resembling descriptions for oenocytoids (Arnold, 1952; 
Jones. 1962; ^"eag(*r. 1945) were observed in wet-mount preparations, and all 
hemocytes could be i)laced into the above categories. Fixed, stained smears of boll 
weevil hemolym])h did produce distorted cells which could have been mistakn for 
oenocytoids because of their uniformly staining cyto])lasm, very small (shrunken) 
nucleus, and a])])arent creases or striations in the cell membrane. Tfowever, ])rior 
observation of tbe slides in wet-mount ])r(‘i)arations revealed that tliese were 
artifacts. A few such cells were also seen in wet mounts diluted with ])hos])hate 
buffer, ])J I 6.4, or in ])artially dried wet mounts not riiigcal with white ])etroleum 
jelly. Many cells in lh(\se mounts were distorted and could not he recogni 7 .(‘d. Cells 
r(‘S(anhling oenocytoids were never observed in i)reparations free from ol)servable 
artifacts. 

Ft"NCTIOX.\L I ’KOC'ICSSKS 

riuif/oevtosis. The ])lasmatocytes actively ingested foreign bodies. Larvae were 
injected into the hemocoel at the veiitr.al side of abdomen with India ink, living 
Jiselierieliia eoli (Migula 1895) Castellani and Cdialmers 1919, living Sareina Intea 
(Schrc)eter 188f)). or X. Inteo stained with carmine. ! lemolyni])h was drawn at 
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intervals up to one hour after injection. All forms of plasmatocytes were seen with 
ingested particles. Living .S". lutca was used most frequently because the packets 
were easily discerned in hemocytes (Plate I, Fig. 7). Ileinocyles with spherule 
l)odies were also observed with phagocytosed bacteria. The tyjhcal mature sidterule 
cells never exhibited phagoc}-tosis. 

Coagulation. A phenomenon occurred in vitro which resulted in formation 
of extensive networks of proto])lasmic strands interconnecting with hemocytes. 
The jirocess, seen i}i vitro, was first observed 15 minutes to an hour after a ])repara- 
tion was made and j^roceeded slowly for several hours. Usually about an hour 
after activity was first seen the networks Ijecame (piite extensive. One 17-hour- 
old jireparation was a dense mass of closely interwoven plasma hbers and fibrohlast- 
like structures connecting hemocytes, many of which still retained their normal 
shape. The process was first detected by the occurrence of filaments which often 
had a filifonn extension. (The term “filaments’’ was used by Jones, 1962. See 
also Yeager, 1S)45, “])lastids.”) They were homogeneous except for one or two 
small black granules in the bulb-sha])ed body. These appeared suddenly in great 
numbers in ])reparations which later became very active in jiroduction of networks. 
These bulb-shaped filaments originated from plasmatocytes. 

Disc-shaped plasmatoc^'tes underwent transformations, observed most fre¬ 
quently in ca])illary-obtained hemolympb diluted about 1:1 with ])H 6.4 phosphate 
buffer, in which they flattened and exiianded, or ])roceeded to produce filaments or 
cytoplasmic extensions. 

The most frequent event was ]:>roduction of one to four ]:)rotoplasniic strands. 
After a long strand had been formed with a hulb-shaped thickening, further exten¬ 
sion distally occurred. The entire strand exhibited active ])rotO])lasmic streaming 
and movement of the granules. The distal j^rtion engaged in a rapid extension- 
retraction movement, along with a probing motion in all dimensions. Whiplike 
movement of the strands was common. 

Two more events occurred simultaneously and represented the major ])hase of 
network formation (Idate 1. f igs. 14 and 15). The proximal portion of the strand 
became thickened as cellular contents flowed into it. The thickened proximal 
strand changed frequently from a plastic to a turgid state and back again. However, 
the distal portion remained hyaline and continued to move rapidly. The amor])hous 
bullj-like region was retained and a second such region often was formed in the 
proximal area of the strand. The flow of cellular content resulted in formation of 
a fusiform body in the strand, with granular inclusions and an additional body 
which by phase contrast resembled a nucleus. 

The second concurrent event was anastomosis of the distal portions to form 
the network. The extremely active tips often extended 10-50 fx in one direction 
to form a terminal bulb-like body, which increased greatly in size but remained 
hyaline, and also sent out a second pseudopodial extension from the thickened body. 
Then both strands could be rapidly withdrawn while a third originated from a new 
location on the thickened body (Plate II, Fig, 16). When the two strands touched 
each other they recurved along their entire length and joined into a single larger 
strand. The pseudopodia could become quite rigid and were occasionally observed 
to force their way between cells clnmjjed together and to separate a cell from the 
clump. Plate I, Figures 14 and 15 show such activity. The photographs were 
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taken al)oiit 10 seconds apart. The result of tlie entire process was an extensive 
network in all dimensions, with newly formed tliickened areas hardly dislingnishal)le 
from fusiform plasmatocytes, and many areas (^f exjxinded ])rotop]asm containinj^ 
debris from ])arent cells. Extensive networks, formed one to two hours after 
removal of hemolymph and ])reparation of the slide, are shown in Plate II, hdgures 
17-10. More extensive formation frecpientl}’ occurred after 6 to 17 hours. 



Plate II 

hhr.UKK 16. Rapid recurvini.> ol two strands wliich ha\e coalesced at A, and snhsecinent 
extension of a new strand at R. J’liase contrast. 700 X. 

loGCRKs 17, kS, 19. kAtensive network formations 60-120 minutes after liemolymidi with¬ 
drawal. Phase contrast. 35f) X. 

Ixuptitre of sj)h(‘rule ctdls occtirred dtirini^^ this jtrocess and fre(|uently was seen 
prior to the earlv staj^es of strandini; <and network formation. x\ definite rekation- 
shij) to initiation of the ])rocess Iw the erti])ted s])hertde cells was not estahlislaal. 
However, ]>roto]>lasmic straiidint^ occtirred in immediate jtroximity of the cells and 
even ap])ear(‘d to he attached to intact large s])herule cells on several prejiarations. 
Their size and high refractivity preventeil observance of the teuuotis strands at the 
ctdl menihrane, and no ]>roof of actual connection was seen. Erom our ol)serva- 
tions, s])herule cells do not initiate coagulation, nor do tlu'y j)lav a role in coagulation 
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process, with the possible excepti(^n of serving as a ])liysical ])ody to which the 
strands may attach. 

One important factor directly influencing the extent of network formation was 
the i)roximity of the plasmatocytes to each other. Strands were frequently seen 
which had extended aiq)arently to the maximum extent possible. If no other 
strands were encountered, further activity ceased. Anastomosis with other strands 
appeared to rejuvenate or increase the vigor of the strands and })romote continued 
formation. 

Effect of Physical and Chemical Treatment on ITemocvtes 

llemocyte morphology and in vitro transformations were altered by the 
physical action of hemol}’mph withdrawal and placement on the slide and by dilution 
with pH 6.4 phosphate buft'er, 0.85% XaCl solution, 0.5% (w/v) trehalose in 
distilled water (final pH 5.8), 1% potassium oxalate (w/v) in distilled water 
(final pH 6.75), or tap water (pH 7.3). Although quantitative data regarding 
the extent of the effect on hemocytes were not obtained, comjiarisons were made 
between hemocytes observed in direct jireparations and those in capillary prepara¬ 
tions or hemolym])h diluted about 1 :1 with the above diluents. Study of hemocyte 
morphology and in vitro transformations by several techniques of sample preparation 
provided an indication of pleomorphic variability and recognition of artifacts 
imposed by technique. 

The physical action of drawing hemolynijih into a capillary tube and then 
dispensing it onto a coverslip involves tremendous rates of flow at the orifice. 
The direct method for allowing an exuding drop of hemolymph to flow onto a 
coverslip is much less rigorous. This latter, direct, method was considered to 
result in hemocytes most like those in natural in z’ivo conditions. However, inter¬ 
pretation of observations from this method must also be tempered when one is 
attempting to draw conclusions as to the /’;/ z^ivo hemocyte conditions. Iflasmat- 
ocytes and spherule cells were affected by the physical forces involved in physical 
withdrawal of the hemolynqih. Changes in appearance of adipohemocytes and 
prohemocytes due to techni(|ue were never detected. 

The capillary method resulted in great changes in plasmatocyte morphology. 
Very few plasmatocytes observed immediately after sample preparation by this 
method exhibited cyto])lasmic extensions or were spindle-shaped. Disc-sha]xxl 
forms were dominant and the flattened and expanded forms were frequent. On the 
other hand, preparation by the direct method resulted in immediate observation of 
all pleomor])hic forms of plasmatocytes. 

Dilution of hemolymph caused ATiriations in hemoc} te morphology. Although 
quantitative tests were not conducted, comparison of hemocytes in preparations 
diluted with the above materials with those in direct, undiluted prejiarations gave 
clear indication of artifacts. In the trehalose or potassium oxalate solutions, disc¬ 
shaped ])lasmatocytes were inflated and internal structural details more distinct. 
When the phi 6.4 phosphate buffer was used, disc-shaped ])lasmatocytes underwent 
a very rapid transformation to spindle-shaped and pseudopodial forms. However, 
dilution with water drawn directly from the tap (pH 7.3) did not result in this 
increased activity. Surprisingly, water from the central distillation source of the 
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Laboratory was found to be pH 6.1. .Attention to tbe j)!! ol diluents may l)e quite 
im|)ortaut iu a study of beuiocyte mor])lioloi;y. 

Discussion 

The cells referred to as probemocytes were not observed iu vitro to change 
into mature cells. However, all intermediate stages from the typical ])r()hemocyte 
described above to a spherical j)lasmatnc}’te were easily' observed. iVs with all 
liemoc} tes, jiroof of origin may have to await a])plication of tissue culture methods. 
Embryological study was not conducted. The reviews of Wigglesworth (1959 ) and 
Jones (1662) covered the origin of insect hemocytes. Imaginal discs, mitosis of 
hemocytes, and hemopoietic tissues have been rej)orted as sources of ]>ost-embryonic 
re])lacement of hemocytes. 

Plasmatocytes were the most abundant forms in all ])re]\arati(ms. They were 
capable of extreme pleomorjdiism and varied considerably with regard to cyto- 
])lasmic inclusions. Close attention to nuclear size and placement, observation of 
iu vitro changes, and intentional production of artifacts by various methods left 
no doubt as to the identity of all the oliserved forms, ddiese hemocytes can carry 
on phagocytic activity, produce networks in a |)rocess which could be interpreted 
as coagulation, and i)ossess different (piantities and tyj)es of cytojilasmic inclusions. 
Itecause of transformation into many ])leomori)bic forms and variations of inclusion 
material. i)lasmatocytes are tentatively classed as a single category until further 
study ])roves other ty])es to be valid end ])roducts of plasmatocyte differentiation. 

d'he spherule cells are designated as a type of hemocyte because of their dis¬ 
tinctive character. The slight j)hagocylic ca])ability of s])berule cells does not imply 
they are ])lasmatoc\ tes liecause phagocytosis by pericardial cells and certain cells 
of adii)o.se tissue has been rei)()rted (Cameron, 1634). Aforeover, the function of 
l)hagocytosis lias not been shown to be restricted to only one tyi)e of cell. S])herule 
cells were not demonstrated to ])la}' an acti^a‘ role in the coagulation j)rocess. 

Adi]iohemocytes are considered a distinct tyi)e of cell because of their uni(|ne 
aiqiearance and aiijiarently unique function connected with li])id material. They 
were stable i)i vitro by all techni(|ues em])loye(l. Although comj)lete transitional 
stages from any other type of hemocyte, es])ecially the adii)oid j)lasmatocyte, were 
not observed, this does not establish the indej)endent lineage of adipohemocytes. 
hAirther research may clarify the relationship between these hemocytes. 

The ])rocess of coagulation was reviewed by Joiuvs (1962) and Adgglesworth 
(1659). Ciregoire (1951, 1955, 1656a, 1656b) studied tbe ])rocess in more than 
400 s])ecies of insects. Four categories were described (Ciregoire, 1951 ) and 
re\iewed by Wigglesworth (1959). dA])e ]V (no coagulation) ^^'as reported from 
two s])ecies of curcuHos (Gregoire, 1655). In a ftirther study (1959b) he recorded 
T}’pe 1\^ from si.x additional s])(*cies and observed the presence of hemocytes which 
exhibited the elongation, expansion, and retraction ot tlexuous proto])lasmic arms, 
as well as formation of loose mesh-works of hemocyte ])rotoj)lasm. In other 
studies (195f>a) he rejiorted network formation in many additional species of 
curcidios. 1 le also de.scribed “]>lastic hemocytes” which j)roduced activity similar 
to that seen among plasmatocytes in . /. (jrauclis. (dregoire also rei)orted ]^rohemo- 
cytes, which j)robably corresi)ond to those in tbe l)oll weevil, as well as other cells 
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similar to l)oll weevil plasmatocytes. Filaments with thickened regions, were also 
reported to take part in network formation. In the holl weevil, similar filamentous 
bodies originated from plasmatocytes and were the terminal ])ortions of ])roto])lasmic 
strands which fre([ncntly dissociated from the cell during the ])rocess of network 
formation. 

The ]M'ocess of network formation did not occur in every preparation. It was 
most frecjuent when the direct method was utilized and the preparation a])peared to 
he normal, or lacking in artifacts. The proximity of cells undergoing stranding was 
important to the extent of network formation finally attained. Wdien strands failed 
to contact others, the process was not as extensive as when cells were close 
enough to allow extensive contact and fusion, which appeared to rejuvenate the 
strands involved. The im])ortance of the number of cells to coagulation was also 
observed l)y Yeager and Knight (1933). 

A very graphic example of the importance of recognition of artifacts and study 
by several techniejues occurred when a hemolymph sample was diluted with pi I 6.4 
phosphate buffer. Wq observed thin ijlasma strands with adherent particles and 
granular plasma islands identical to those pictured by Gregoire (1951, Plate 
Figure 25). We saw this condition only once, and our attemj)ts to repeat it were 
unsuccessful. Although Gregoire did not dilute the hemolymph, he allowed it to 
flow by ca])illarv action between an unsu])ported coverslip and the slide. This 
incident serves merely to illustrate the necessity for studying hemocytes by several 
methods and attempting to recognize the ])ossible alterations caused by technique 
and physical or chemical conditions. 


The authors gratefully acknowledge the suggestions and comments of J. C. Jones 
in reading the manuscript. 

Summary 

1. Hemocytes of larval l)oll weevils, AjitJioiioinus gvaudis Poheman, were classi¬ 
fied on a morphological basis into four ty])es. ProJiciiwcyfcs had a large nucleus 
and a thin band of peripheral cytoplasm, which increased in quantity and became 
more ojjtically dense to phase contrast as the prohemocytes matured. All gradations 
to si)herical plasmatocytes were observed. Plasiuatocytcs were characterized by 
their great ])leomorphic capability. The cytoplasm varied in that it was granular 
with fine or large granules, dense and uniform to phase contrast or heterogeneous 
with areas of different optical density as well as possessing vacuoles or various 
inclusions, in addition to being hyaline or refractive at the cellular periphery 
Plasmatocytes assumed spherical, pseudo]>odial or fusiform, as well as irregular, 
shapes during a ])rocess of stranding or when flattening onto a glass surface. 
Plasmatocytes were phagocytic. Cells filled with lipoid globules were tentatiiTly 
classed as adipohcuwcytcs. A fourth type of cell, spherule cells, was characterized 
by the presence of one to several large globules which were amor]4ious and non- 
refractive to ])hase contrast. These cells were large and often distended by 
the inclusions. 

2. A slow process of network formation M'as the only observed indication of 
coagulation. Plasmatocytes underwent extension stranding by extension, retraction. 
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probing, and anastomosis with i)r()to])lasniic arms from otlier cells to produce 
networks. The extent of these networks de])ended partially upon the proximitv of 
stranding cells. 
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